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The aqueous extract of the mature flowers of Moringa oleifera contains free neutral sugars, D-
mannose and D-glucose in the ratio of 1:5 and two unidentified carbohydrate bearing materials along
with proteins and ascorbic acid but no polysaccharide is obtained; whereas the aqueous extract of the
premature flowers is composed of the above materials with varying proportions along with a polysac-
charide (PS) which on hydrolysis gives D-glucose, D-galactose and D-glucuronic acid in a molar ratio of
1:1.9:0.9. From the results of methylation, periodate oxidation and partial hydrolysis studies, a plausible
structure has been assigned to the repeating unit of the PS as:
3 1 4 1 3 1--=--+D-Glcp ~ D - GlcpA ) D - Galp ~
Moringa oleifera (Sajina) is an important medici-
nal plant distributed throughout India and all parts
of it are considered medicinal'. It's leaves' and
fruits3 are edible, rich in ascorbic acid and the
aqueous extract of leaves possesses high pharma-
cological" activity towards blood pressure. Several
natural products of different classes such as terpe-
noids5,6 from stems and leaves, alkaloid7 and anti-
biotic8 from seeds have been isolated. A polysac-
charide has been isolated by Bhattacharyya et al. 9
from the gum of M oleifera and a detailed struc-
ture was assigned to it. However, no work has been
reported on the flowers of this plant, although they
are believed to possess antidotes'? of pox and mea-
seles and used in unani medicine':" as tonic. From
this point of view, a detailed investigation was car-
ried out on the flowers and the results are reported
in this paper.
Results and Discussion
The flowers of M oleifera in it's mature and
premature states were collected during the months
of Dec.-January from different trees of the locality
of Midnapore town, West Bengal. These were ex-
tracted with hot water (50°C) in several lots sepa-
rately. The aqueous extracts of both mature and
premature flowers were centrifuged and freeze-
dried.
The aqueous extract of mature flowers failed to
precipitate any polysaccharide on addition of etha-
nol, 1:10 (v/v). It was also observed that on dialysis
no high molecular weight polysaccharide material
was retained in the cellulose bag (retaintive capac-
ity 14,000 mol. wt). Therefore, no polysaccharide
molecule was present in this extract and attempt
was made to know only the chemical composition
of the aqueous extract. The extract on paper chro-
matographic analysis showed the presence of only
free sugars n-mannose and D-glucose along with
two slow moving unidentified carbohydrate mate-
rials. Rmaltose 0.87 and 1.16. A part of the dried ex-
tract (3.0 mg) with myo-inositol as internal stan-
dard was converted into their alditol acetates, GLC
examination of which showed the presence of
mannose and glucose in the ratio of 1:5 and the
amounts were' estimated as mannose, 7%, glucose,
35%. This aqueous extract contained carbohydrate,
61.5%, vitamin-C, 9.8%, protein, 13.5% and the
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remaining part was other water soluble organic
materials. An important observation worth report-
ing is that, in the extract of mature flowers, D-
glucuronic acid and D-galactose were not identified
by paper chromatographic and GLC examination
although these sugars were observed in the poly-
saccharide of premature flowers. The aqueous ex-
tract of the premature flowers on chromatographic
analysis showed the presence of free sugars, D-
galactose, D-glucose, o-mannose, and a polysac-
charide (PS) was isolated on treating the aqueous
extract with ethanol (1:10, v/v). The PS is an im-
portant biomolecule and therefore was allowed for
further investigation.
The PS from premature flowers was collected by
repeated precipitation of the aqueous extract of
flowers (350 gm wet flowers) with ethanol fol-
lowed by exhaustive dialysis. The material was
Iyophilised, yield ISO mg. The PS was further puri-
fied by passing through a column of Sephadex -G-
50 using N~HC03 as eluent, pH 8.0. On electro-
phoresis it moved as a single spot towards anode
indicating it's homogeneity. The lyophilised PS
(115 mg) had [a] ~ +56°. Total neutral sugars
(72%) were estimated by phenol-sulphuric acid
method11 and acid sugar was estimated to be 24%
by carbazole-sulphuric acid method 12. The PS was
hydrolysed by 2M CF3COOH with inositol as in-
ternal standard. On paper chromatographic analysis
the hydrolysate showed the presence of n-glucose,
D-galactose and D-glucuronic acid. Alditol acetates
of the hydrolysate on GLC analysis showed D-
glucose, 25%, n-galactose, 49% and by carbazole-
sulphuric acid method, D-glucuronic acid was esti-
mated as 24%. Carboxyl-reduced PS on hydrolysis
followed by GLC examination of the correspond-
ing alditol acetates showed the presence of D-
glucose and n-galactose in the ratio of almost' 1:1
(cf. Table I). The increase in the ratio of glucose
further indicates that n-glucuronic acid moiety is
present in the PS.
Thus, it is clear that the sugar compositions of
the aqueous extracts of mature and premature
flowers are very much different. Although D-
galactose and n-glucuronic acid are present in PS
of the premature flowers as major constituents,
these sugars are completely absent in the aqueous
extract of the mature flowers (where PS molecule
is absent). On the otherhand, the amount of ascor-
bic acid in the extract of mature flowers was found
to be significantly higher in comparison to it's
presence in premature flowers. These observations
can be explained on the basis of some enzymatic
reactions. Probably some enzymes are produced in
the flowers in between its premature and mature
states and thus n-galactose and n-glucuronic acid
are converted into ascorbic acid by the action of
these enzymes'<. The standard literatures'I'" indi-
cate that the enzyme epimerase converts UDP-D-
galactose into UDP-D-glucose which is converted
into UDP-D-glucuronic acid in the presence of de-
hydrogenase (NAD+). Finally in the presence of the
enzymes glucuronate reductase, lactonase and oxi-
dase, UDP-D-glucuronic acid is converted into
ascorbic acid.
Now, detailed structural investigations of the
polysaccharide (PS) present in the premature flow-
ers were carried out. The PS was methylated by
Ciucanu and Kerek15 method followed by Purdie16
method and then hydrolysed. The alditol acetates of
the hydrolysate were prepared and examined by
GLC using column (A) and column (B) and found.
Material
Table I---Chemical composition of the aqueous extract and ofPS of M oleifera
Free sugars (%)t Carbohydrate Protein Ascorbic Water PS




























*MMF, aq. ext. of mature Moringa flowers; PMF, Aq. ext. of premature Moringa flowers; PS, Polysaccharide; RPS, Carboxyl-
reduced polysaccharide.
tFree sugars were estimated as their alditol acetates using rnyo-inositol as internal standard by GLC on 3% ECNSS-M column at
170°C.
/.
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to contain 2,4,6-tri-O-methyl-o-galactose (1.0
mole), 4,6-di-O-methyl-o-glucose (0.94 mole) and
2,3,4,6-tetra-O-methyl-o-galactose (0.87 mole).
These results indicate that one n-galactopyranosyl
moiety is (1,3)-linked and n-glucopyranosyl moi-
ety is (1,2,3)-linked. The other part of n-galactose
moiety is glycosidically linked. The methylated PS
was reduced by lithium aluminium hydride and
alditol-acetates of the methylated sugars were ana-
lysed by GLC using column A and B (Table II).
The peaks of 2,4',6-tri-O-methyl-o-galactose, 4,6-
di-O-methyl-o-glucose, 2,3,4,6-tetra-O-methyl-o-
galactose and 2,3-di-O-methyl-o-glucose were ob-
tained. The appearance of 2,3-di-O-methyl 0-
glucose indicates that n-glucuronic acid residue is
1,4-linked.
The periodate-oxidised and then reduced PS was
found to contain o-galactose and o-glucose in the
mole ratio of 1.0:0.9, indicating that one moiety of
n-galactose present glycosidically in the PS mole-
cule has been destroyed during oxidation. A part of
10 ~-oxidised PS on hydrolysis showed the absence
of o-glucuronic acid in the paper chromatographic
examination, indicating that it has also been de-
stroyed during oxidation, since n-glucuronic acid is
present as (1,4)-linked residue to the repeating unit
of PS molecule. The periodate oxidised material
was subjected to Smith-degradation" yielding an
oligomer which was purified by passing through a
column of Sephadex G-SJl and isolated in a ho-
mogenous state. A part of the oligomer was hy-
drolysed and shown to contain n-galactose and 0-
glucose. On paper chromatographic analysis and
GLC examination. o-glucose and o-galactose were
found to be present in a molar ratio of 1:0.9 indi-
cating that one mole of n-galactose is lost during
oxidation. Methylation analysis of the oligomer
showed the presence of 2,3,4,6-tetra-O-methyl-o-
galactose and 2,4,6-tri-O-inethyl-o-glucose, indi-
cating that the oligomer is 1,3-linked n-galacto-
pyranosyl-u-glucose.
Partial hydrolysis of PS by O.SM CF3COOH
gave three oligomers having ~Jc 0.57, 0.35 and
0.21 along with n-glucose and n-galactose in sol-
vent system A. Oligomer-lRj., 0.57, on hydrolysis
and methylation showed that D-galactose and 0-
glucose are present in it with a molar ratio of
1.0:0.9. Thus, it was characterised as 2-0-0-
Table Il-Methylation analysis of M oleifera flowers' PS, carboxyl-reduced PS and oligosaccharides
Methylated sugars Retention time" Mole proportion Mode of linkage (s)
ColumnA ColumnB PS RPSf SOPSf '0'-1 '0'-2* '0'-3*.




2.28 2.03 0.9 0.9 0.9 1.0 1.1 3 1 .galactose ~Glc~ p
4,6-0i-0-methyl-
4.02 3.5 0.9 1.1 lGlc~glucose p
2
- 2,3-0i-0-methyl- 5.4 4.5 0.9 0.9 4 Glc Aglucose ~ p
3,4,6- Tri-O- 1.98 1.83 1.1
lGlc~methylglucose p
2,3,4- Tri-O- 2.49 2.22 0.9 Glc A~methyl glucose p
2346-Tetra-0-
~e~h~lglucose 1.00 1.00 1.0 Glc p ~
'Retention times relative to that of 1,5-di-0-acetyl-2,3,4,6-tetra-0-methyl-o-glucitol on column A b% ECNSS-M) at 170°C, and
on column B (3% ofOV-225) at 165°C.
tRPS, methylated reduced PS.
tsoPS, Smith-degraded methylated PS.
*0'-2 and '0'-3 are reduced oligosaccharides obtained from partial hydrolysis ofPS.
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galactopyranosyl-n-glucose. Oligomers 2 and 3
were purified over Sephadex G-S9 and were found
to be homogeneous on paper chromatographic ex-
amination. Oligomer-2' ('0'-2), [an~89.6+12°, on
hydrolysis followed by paper chromatographic exa-
mination showed the presence of n-galactose and
n-glucuronic acid. Preparation of alditol-acetates of
the hydrolysate and it's examination by GLC
showed n-galactose as the only sugar present in it.
'0'-2 was reduced" with diborane and the acid
hydrolysis of the neutral oligomer showed the
presence of n-galactose and n-glucose in the molar
ratio of 1:0.9 indicating oligomer-Z to be an aldo-
biuronic acid. Methylation analysis of the aldobi-
uronic acid, followed by usual treatments showed a
single peak of 2,4,6-tri-O-methyl-o-galactose. In
another experiment, the methylated aldobiuronic
acid was reduced'" with lithium aluminium
hydride. The product was hydrolysed and the
hydrolysate was analysed by GLC (as alditol ace-
tates). The results showed that 2,3,4-tri-O-methyl-
n-galactose were obtained in the ratio of 1.0:0.9.
All these findings indicated that '0'-2 is an aldo-
biuronic acid having the biuronic acid having the
structure. 4-0-(D-glucopyranosyluronic acid)-u-
galactose.
Oligomer-3('0'-3), [a] ;~9.6+2°, Role 0.21, on
hydrolysis followed. by paper chromatographic
analysis showed the presence of n-glucose, 0-
galactose and n-glucuronic acid. The hydrolysate
on GLC examination showed n-glucose and 0-
galactose in the ratio of 1:I. The' 0' -3 on reduction
followed by GLC examination showed the ratio of
n-galactose to D-glucose as 1.0: 1.8. The increase in
the amount of n-glucose indicates that D-
glucuronic acid is attached to the oligomer and it is
.aldotrituronic acid. GLC examination of methyl-
ated '0'-3 showed the presence of 2,4,6-tri-O-
methyl-n-galactose, and 2,3,4,6-tetra-O-methyl-o-
glucose in almost equimolecular ratio. The appear-
ance of2,3,4,6-tetra-O-methyl-D-glucose instead of
4,6-di-O-methyl-o-glucose indicates that 0-
galactose which is present as a non-reducing end
group at 0-2 of n-glucose, has been released along
with (1,3 )-linked D-galactopyranosyl-D-glucose
bond, The methylated carboxyl reduced product of
'0'-3 on. GLC examination gave the above peaks
along with the appearance of a new peak due to
2,3-di-O-methyl-o-glucose, which is coming from
the glycosidically linked D-glucuronic acid. From
these observations, the structure of '0' -3 may be
given as:
D-G1c I 4 • D-Glc A ~ D-Gal
p p p
Thus, from the results of methylation analysis,
periodate oxidation and partial acid hydrolysis
studies of PS, isolated from the premature flowers
of Moringa oleifera, the structure of the repeating
unit may be assigned as:
L~D-Glc 1 4.) D-Glc A 1 ..l-. D-Gal ~







General. All evaporations were carried out at
40°C, unless stated otherwise. Paper partition
chromatography was performed on Whatman Nos
1 and 3 MM sheets. Solvent systems (v/v) used
were: (A) l-butanol-acetic acid-water (4:1:5) (up-
per phase) and (B) ethyl acetate-pyridine-water
(8:2: 1). Spray reagent used was alkaline silver ni-
trate". All solvents were distilled before use. Opti-
cal rotation were measured on a Perkin-Elmer -
Model 241 MC spectro-polarimeter. Colorimetric
estimations were carried out using systronic UV-
VIS spectrophotometer.
Gas-liquid chromatography (GLC) was per-
formed in a Hewlett-Packard Model 5730A gas
chromatograph having a flame-ionisation detector
and glass columns (1.83x6 mm) with (1) 3% of
ECNSS-M on Gaschrom Q (100-200 mesh) and
(2) 3% OV-225 on Gaschrome Q (100-120 mesh).
All GLC analyses were conducted at 170°C for
neutral sugars and at 165°C for methylated sugars
by converting the sugars into their alditol-acetates,
Retention times of partially methylated alditol-
acetates were measured with respect to that of 1,5-
di-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucitol as
unity. Vitamin-C was estimated both by chemical"
and colorimetric method". Protein was estimated
by Lowry methodv'.
Preparation of aqueous extract. The wet pre-
mature flowers (300 g) were swellen in ISO mL
water and heated at SO°C for Y:z hr. The hot mixture
was then crushed in a Remi-Blender for 10 min,
then kept at 4°C for two days and fmally centri-
fuged at 10,000 rpm for 1 hr. The aqueous extract
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was collected and lyophilised, yield 750 mg. The
material (650 mg) was extensively dialysed to re-
move monosaccharides and other low molecular
weight material. The polysaccharide of the prema-
ture flower was collected from the dialysis bag.
The volume was reduced to 20 mL and treated with
ethanol in 1:10 (v/v) ratio.Jhe precipitate was
collected and lyophilised, yield 130 mg. The re-
maining part of the dried aqueous extract other than
polysaccharide was also analysed.
The aqueous extract of the mature flowers (425
g) was prepared by the method as adopted above.
No high molecular weight material was retained in
the dialysis bag after the dialysis was completed. It
was further observed that' no PS molecule was pre-
cipitated by treating the aqueous extract with etha-
nol, 1:10 (v/v). Therefore, the whole extract was
lyophilised and collected. Yield 900 mg. The
monosaccharides were identified by paper chro-
matographic method and estimations were carried
out by GLC using columns (A) and (B) (Table II).
Purification of the polysaccharide. The poly-
saccharide (120 mg), isolated from the aqueous
extract of the premature flowers was purified by
passing through a column of Sephadex G-50 using
NJ-4HC03 as eluent, pH, 8.0. Sixty fractions were
collected and monitored spectrophotometrically
against 490 nm. Fractions 28-44 were collected and
lyophilised, yield 90 mg, [a] ;~96+56°.
The homogeneity of the polysaccharide was es-
tablished by high voltage electrophoresis in borate-
buffer using a Shandon Model L-24 apparatus.
Acid hydrolysis of the polysaccharide. The
polysaccharide (2.1 mg) was hydrolysed with 2M
trifluoroacetic acid for 18 hr at 100°C. The acid
was completely removed by co-distillation with
water and the hydrolysate divided into two parts.
One part was examined by paper chromatography
in solvent systems A and B; spots for D-galactose,
n-glucose and D-glucuronic acid were detected.
The other part of the filtrate was reduced by so-
dium borohydride solution (40%) and the alditol
acetates were prepared in the usual way and ana-
lysed by GLC using columns (A) and (B).
Preparation of Carboxyl reduced PS. To a
solution (7 mL) of the PS (7 mg) in water. was
added l-cyclohexyl-3-(2-morpholinoethyl)carbodi-
imide-metho-p-toluene sulphonate (CMC) (188
mg) with stirring and the pH kept at -4.75 during
the reaction by adding O.OIM hydrochloric acid.
After 2 hr, 2M aqueous NaBJ-4 (4 mL) was added
, dropwise during 45 min. and the pH kept at 7 by
simultaneous addition of 4M HCl. After 1 hr, the
solution was dialysed against distilled water and
lyophilised, yield 5.3 mg. The procedure was re-
peated once again to ensure complete reduction.
The carboxyl-reduced PS (1.4 mg) was hydrolysed
with 2M CF3COOH for 18 hr at 100°C and after
usual treatment, the sugars were estimated by GLC
(Table I).
Methylation analysis. A portion (12 mg) of PS
was methylated according to Ciucanu and Kerek
method and the product isolated by partition be-
tween CHCl3 and H20. It was remethylated twice
by Purdie method, yield 8.2 mg. The product
showed no band at 3600-3300 cm" in its IR spec-
trum. A portion (2.0 mg) of the methylated product
was hydrolysed with 90% HCOOH at 100°C for 1
hr. The acid (HCOOH) was evaporated off and the
residue again hydrolysed with 1M CF3COOH for
18 hr. The hydrolysate was reduced with NaBJ-4,
acetylated in pyridine and analysed by GLC (col-
umns A and B). Another portion of the methylated
product (4.6 mg) was dissolved in dry THF (5 mL)
and refluxed with lithium aluminium hydride'"
(100 mg) for 5 hr and kept overnight at room tem-
perature. The excess of the reductant was decom-
posed by dropwise addition of ethyl acetate and
aqueous THF. The inorganic materials were fil-
tered off. The filtrate was evaporated to dryness
giving the carboxyl-reduced permethylated product
(3.2 mg). The product was hydrolysed with formic
acid followed by 1M CF3COOH as before and the
alditol acetates of the reduced methylated sugars
were prepared in the usual way and analysed by
GLC (columns A and B). CMC reduced PS was
also methylated following the same procedures and
analysed.
Periodate oxidation. The PS (12 mg) in water
(6 mL) was treated with 0.1 M sodium metaperio-
date solution (6 mL) and the mixture kept for 48 hr
in the dark at 4°C. The excess periodate was de-
stroyed by ethylene glycol (3 mL) and the solution
dialysed against distilled water and dried, yield 8
mg. A portion (1 mg) of it was reduced with
NaBJ-4 and after usual treatments, the product was
hydrolysed by 2M CF3COOH for 18 hr at 100°C.
The sugars in the hydrolysate were identified and
estimated by CLC glucose and galactose were
shown in a molar ratio of 1:1.
Another portion (8 mg) of the period ate oxidised
LAH-reduced material was kept with O.5M
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CF3COOH for 48 hr at room temperature. The acid
was removed by co-distillation with methanol and
the hydrolysate examined by paper chromatogra-
phy. A spot, having Rmaltose 0.98 in solvent system
A was detected. The hydrolysate was purified by
passing through Sephadex G-50 column using wa-
ter as eluent, yield 3.2 mg.
The oligomer (0.6 mg) was hydrolysed with 2M
CF3COOH for 8 hr at 100°C and the sugars (as
aiditol acetates) were examined by GLC as D-
glucose and D-galactose in a mole ratio of almost
1: 1. Another portion (2 mg) was methylated by the
same way as described earlier and the alditol ace-
tates of the methylated sugars were prepared and
examined by GLC using columns A and B.
Partial acid hydrolysis. Partial hydrolysis of
the polysaccharide (75 mg) was carried out with
0.5M CF3COOH at 100°C for 5 hr. After removal
of the acid, the hydrolysate was chromatographed
on Whatman No. 3MM papers. The spots corre-
sponding to monosaccharides and slow moving
spots of oligosaccharides were obtained. The zones
containing the oligosaccharide fractions were cut
out and eluted with ethanolic water and dried.
Three oligosaccharides with Rg1c 0.57, 0.35 and 0.4
were then purified by passing through Sephadex G-
50 column using water as eluent. The oligosaccha-
rides, '0'-1 (6.4 mg), '0'-2 (11.2 mg), '0'-3 (5.1
mg) were collected and chromatographically found
to be homogeneous (PC).
The aldobiuronic acid (1.0 mg) obtained from
partial acid hydrolysis, was hydrolysed with 2M
CF 3COOH for 18 hr and the products were ana-
lysed by GLC as their alditol acetates. The neutral
sugar was obtained as galactose. In another ex-
periment, the aldobiuronic acid (1.2 mg) was ace-
tylated with pyridine and acetic anhydride and the
acetate reduced with an excess of diborane". The
neutral disaccharide was hydrolysed and the alditol
acetates were prepared; GLC analysis showed ga-
lactose and glucose in the ratio of 1:0.9.
Methylation analysis of aldobiuronic acid.
The aldobiuronic acid (3.0 mg) was methylated by
the method already described'j". GLC analysis
(columns A and E) of the alditol acetates prepared
from a portion of the methylated product showed
the presence of 2,4,6-tri-O-methyl-D-galactose.
Another portion of the methylated aldobiuronic
acid was reduced with lithium aluminium hydride"
and the product hydrolysed. The alditol acetates
were prepared analysed by GLC showing the pres-
ence of 2,4,6-tri-O-methyl-D-galactose and 2,3,4-
tri-O-methyl-D-glucose in the ratio of 1:0.9.
Hydrolysis of aldotriuronic acid. The aldotriu-
ronic acid (0.8 mg) was hydrolysed with 2M
CF 3COOH for 18 hr, and the alditol acetates were
prepared in the usual manner and analysed by
GLC.
Methylation analysis of aldotriuronic acid.
Methylation'r" of aldotriuronic acid (2 mg),
preparation of alditol acetates and GLC analysis
were carried out as before. A portion of the per-
methylated aldotriuronic acid was reduced" with
lithium aluminium hydride" and the alditol ace-
tates, prepared from this, were analysed by GLC.
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